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(57) Abstract: In a video camera surveillance 
system, a video processor determines dense 
motion vector fields between adjacent frames 
of the video. From the dense motion vector 
fields moving objects arc detected and 
objects undergoing unexpected motion are 
highlighted in the display fo the video. To 
distinguish expected motion from unexpected 
motion, dense motion vector fields are stored 
representing expected motion and the vectors 
representing the moving object arc compared 
with the stored vectors to determine whether the 
object motion is expected or unexpected. In an 
alternative embodiment, the video surveillance 
system comprises a panning camera and the 
frames of the video are arranged in a mosaic. 
Object motion in the video is detected by 
means of dense motion vector fields and the 
predicted position of objects in the mosaic is 
detected based on the detected object motion. 
The position of moving objects in the current 
frame being detected by the panning camera 
is compared with the predicted position of 
the objets in the mosaic and if the positions 
are substantially different, the corresponding 
object is tagged and highlighted as undergoing 
unexpected motion. A system is also disclosed 
for using the dense motion vector fields to 
control the motion of the panning camera to 
follow a moving object. 
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Surveillance Video Camera Enhancement System 

Background of the Invention 
This invention relates to surveillance video camera systems and more 
particularly to surveillance video camera systems enhanced by detecting object 
5 motion in the video to reduce overload on the operator's attention. 

In typical video camera surveillance systems of the prior art, multiple 
cameras are focused on multiple scenes and the resulting videos are transmitted to 
a monitoring area where the videos can be observed by the operator. The 
resulting multiple video motion pictures are simultaneously displayed or are 
. 10 displayed in sequence and it is difficult for the operator to detect when a problem 
has occurred in the detected scenes because of the large number of scenes which 
have to monitored. In some systems, a video camera is panned to increase the 
area that is monitored by a given camera. While such a system provides 
surveillance over a wide area, only part of the wide area is actually viewed at a 
1 5 given time leaving an obvious gap in the security provided by the scanning 

camera. To combat this latter problem, one system of the prior art combines the 
frames generated by the scanning camera into a mosaic so that entire scanned 
scene is displayed to the operator as an expanded panoramic view. In this system, 
each new video frame is compared with the previous detected frames displayed in 
20 the panoramic view and any differences are outlined thus providing an indication 
to the operator that the position of an object in the panoramic scene has changed. 
This system, while an improvement, nevertheless leads to an overload on the 
operator's attention, since all objects in this panoramic scene which undergo a 
change in position will be outlined and it is still difficult for the operator to 
25 recognize that one or more of the changes may represent a problem which requires 
attention. In addition, the fact that an object has undergone a change in position in 
many instances will not be brought to the operator's attention until the camera has 
completed a scanning cycle and then only if the object location of an which is 
undergoing a change in position appears in two different frames in a scanning 
30 cycle. Accordingly, there is a need for a video camera system which immediately 
brings to the operator's attention any significant or unexpected motion, which 
might represent a security problem requiring the operator's immediate attention. 
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Summary of the Invention 
In accordance with the present invention a video camera surveillance 
system is provided with a video processor which has the capability of immediately 
detecting any object motion in a detected scene and more particularly detecting 
5 the occurrence of unexpected motion in a detected scene. In accordance with one 
embodiment, a plurality of surveillance cameras are provided which feed the 
videos to a video processing system wherein the videos are analyzed to determine 
dense motion vector fields representing motion between the frames of each video. 
From the dense motion vector fields, the motion of individual objects in the 
10 detected scenes can be determined and highlighted so that they are brought to the 
operator's attention. In accordance with the invention, the video processor stores 
dense motion vector fields representing expected motion in a scene and the dense 
motion vector field detected from the monitored scene is compared with the stored 
dense motion vector field representing expected motion to determine whether or 
15 not any unexpected motion has occurred. If an object is undergoing unexpected 
motion, this object will be highlighted in a display of the monitored scene. 

In accordance with another embodiment of the invention, the surveillance 
system comprises a panning camera which pans a wide scene. The frames 
produced by the video camera are combined into a mosaic representing a 
20 panoramic view of the scene scanned by the camera. By means of dense motion 
vector fields, object motion in the scene being monitored is detected and, based on 
the detected motion of the objects, the future movement of the objects is 
predicted. In those portions of the scanned scene not currently being detected by 
the video camera, the position of the objects undergoing motion is updated in 
25 accordance with the predicted motion. Thus the moving objects in the panoramic 
scene will all be shown undergoing motion and changing position in accordance 
with the predicted motion. As each new frame of the scanned scene is detected by 
the video camera, the mosaic is updated with the new frame. If a given object 
undergoing motion in the current detected scene is substantially displaced from 
30 the predicted position when the current detected frame containing such object 
updates the panoramic scene, such object is tagged as undergoing unexpected 
motion and the object is highlighted. 
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In the system of the invention, the scanning speed is sufficiently slow that 
each part of the scene will be detected several times during each scan so that any 
objects undergoing motion will immediately detected. Any object undergoing 
exceptional motion such as moving at a high rate of speed or not corresponding to 
5 expected motion as represented by stored dense motion vector fields, may also be 
highlighted in the currently detected frames as shown in the displayed panoramic 
scene. 

By only highlighting unexpected motion or exceptional motion, the system 
of the invention prevents overload on the operator's attention and only brings to 
10 the operator's attention those situations in the surveilled scene which require his 
immediate attention and action. 

Brief Description of the Drawings 
Figure 1 is a block diagram of a surveillance video camera system in 
accordance with one embodiment of the invention. 

Figure 2 is a flow chart illustrating the video processing carried out by the 
video processing system in the embodiment of figure 1 . 

Figure 3 illustrates a display created by the system in figure 1 wherein a 
moving object may be highlighted by showing a telescopic enlarged view of an 
area around a moving object. 

Figure 4 illustrates another display which may be provided by the 
surveillance system shown in figure 1 . 

Figure 5 is a block diagram of another embodiment of the present 
employing a scanning video camera. 

Figure 6 is an illustration of a mosaic display created by the system of 
figure 5. 

Figure 7 is a flow chart illustrating the process carried out by the video 
processor by the system in figure 5. 

Description of Preferred Embodiments 
In the system of the invention as shown in Figure 1 a plurality of video 
30 cameras 1 1 are each arranged to detect a video image of an area to be monitored 
by the video camera surveillance system. Each camera will send a sequence of 
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video frames showing the corresponding monitored area to a video data 
processing system 13. The video data processing system typically will comprise a 
video processor for each video camera but a high speed video processor could be 
employed to process the sequence of video frames received from each of the 
5 cameras simultaneously. The video data processing system detects object motion 
represented in the video received from each camera, highlights selected moving 
objects in the video, and transmits the resulting video to a video display system 15 
in which the video from the four cameras are displayed. The video display system 
may be a separate monitors to display the videos simultaneously, or the videos 
10 may be all simultaneously displayed on the screen of the single monitor. 

Alternatively, the videos from the separate cameras may be displayed in sequence 
on one or more video monitors. 

In preferred embodiments, the video processor will detect unexpected 
motion of objects in the videos and will highlight the objects undergoing this 
1 5 unexpected motion. Objects undergoing motion which is expected, may be 

highlighted in a different way than the way the unexpected motion is highlighted. 

A flow chart of the process carried out by the video processing system 13 
on a video received from one of the cameras in shown in Figure 2. As shown in 
this Figure, the video from one of the cameras is first processed to detect dense 
20 motion vector fields representing the motion of image elements in the received 
video. Image elements are pixel sized components of objects depicted in the 
video and a dense motion vector field comprises a vector for each image element 
indicating the motion of the corresponding image element. A dense motion vector 
field will be provided between each pair of adjacent frames in the video 
25 representing the motion in the video from frame to frame. The dense motion 
vector fields are preferably generated by the process disclosed in co-pending 
application Serial No. 09/593,521 entitled "System for the Estimation of Optical 
Flow", filed June 14, 2000 and invented by Sigfriend Wonneberger, Max Griessl 
and Markus Wittkop. This application is hereby incorporated by reference. 
30 From the dense motion vector fields, the moving objects in the video are 

identified and are selectively highlighted. In a simplified version of the invention, 
all moving objects could be highlighted simply by changing a characteristic of all 
of the pixels in each video frame corresponding to a motion vector having a 
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substantial magnitude. This operation would highlight any moving object in the 
video, but would subject the operator's perception to overload since significant 
motion requiring the operators attention would be, in many cases, overwhelmed 
by detected motion which does not require the operators attention such as 
5 expected motion or trivial motion. This problem can be dealt with in a simplified 
version of the invention by storing in the video processor dense motion vector 
fields representing expected motion in the video. The dense motion vector fields 
generated from the current video are then compared with the dense motion vector 
fields representing the expected motion. The pixels corresponding to motion 

10 which is expected are then highlighted with one form of highlighting or not 

highlighted and the pixels corresponding to unexpected motion are highlighted 
with different form of highlighting. 

In a preferred embodiment, the dense motion vector fields are analyzed to 
identify the pixels of individual moving objects. In the case of a moving object, 

1 5 the dense motion vector fields for the image elements of the object will all be 
similar. For example, if the object is moving linearly, the dense motion field 
vectors of the image elements of the object will all be parallel and of the same 
magnitude. If the object is rotating about a fixed axis, the dense motion vector 
field for the image elements of the object will be tangential around the center of 

20 the rotating object and will increase in magnitude from the center the edge of the 
moving object. If an object is not moving linearly, the dense motion vector field 
pattern for the object will be more complex, but nevertheless will fall into an 
easily recognized pattern. The video processor identifies sets of contiguous pixels 
which correspond to the dense motion field vectors representing a moving object. 

25 These pixels will then correspond to the image elements of the moving object. 

In the preferred embodiment, the video processor will store the dense 
motion vector fields representing expected motion in the scene detected by the 
video camera, such as the motion of a fan, the motion of a rotisserie, or the motion 
of people walking along a walkway. When the detected object motion 

30 corresponds to the stored motion vectors representing expected motion, the video 
processor highlights the pixels of the object undergoing the expected motion in 
one selected way, such as tinting the pixels of the object undergoing expected 
motion blue. Alternatively, the pixels of the object undergoing expected motion 
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could be left unchanged and unhighlighted. When the detected object motion 
does not correspond to expected motion as represented by the stored dense motion 
vector fields, the object undergoing the unexpected motion is highlighted in a 
different way such as being tinted red or surrounded by a halo, or alternatively as 
5 being subjected to a telescopic effect. In producing the telescopic effect, the video 
processor defines a high resolution viewing bubble around the object undergoing 
the unexpected motion or around the area of the unexpected motion and magnifies 
it as shown in Figure 3. The operator may be given the ability to electronically 
steer the magnified viewing bubble around the scene to more clearly view items of 

1 0 interest. In a preferred embodiment, the unexpected motion is automatically 

highlighted by changing the pixel characteristic such as color or by adding a halo 
and then the operator can optionally define the high-resolution viewing bubble 
around the highlighted object after having his attention drawn to unexpected 
motion by the original highlighting. 

15 In addition, in the preferred embodiment, the video processor can exclude 

from the highlighting process any trivial motion such as a motion of a small 
magnitude or a motion of a small object such as that of a small animal. 

In the system as described above, the object having unexpected motion 
may be highlighted by changing its color, by changing its saturation, by changing 

20 it contrast, or by placing a halo around the object. Alternatively, the object may 
be highlighted by defocusing the background which is not undergoing unexpected 
motion or by changing the background to a grey scale depiction. 

i 

Another feature of the present invention is illustrated in Figure 4. In 
accordance with this feature of the invention, a moving object in the display is 

25 identified as described above by flagging the contiguous pixels representing the 
moving object. The velocity of the moving object is then detected from the dense 
motion vector field vectors representing the motion of the picture elements 
corresponding to the moving object. Information is then added to the display to 
indicate the speed and direction of the moving object as shown in Figure 4. The 

30 information may be in the form of an arrow indicating the direction of the motion 
and containing a legend in the arrow indicating the speed and feet per second and 
the heading of the object in degrees. In Figure 4, the cart being pushed by a 
customer is moving at 2.6 feet per second at a heading of 45°. 
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In accordance with a further feature of the invention, the position of the 
flagged moving object at a predetermined time in the future is predicted and the 
position of the moving object at this future time is then indicated in the display by 
a graphic representation such as showing a representation of the moving object in 
5 outline form. 

Additional statistics may also be included in the display such as a time that 
the object has been shown in the display, the time duration from flagging of the 
object as a moving object, or other information related to the object motion. 

In the embodiment of the invention shown in Figure 5, a panning camera 
10 21 senses a wide scene by oscillating back and forth to scan the scene. The video 
produced by the camera is sent to a video processor 23, which arranges the 
received frames in a mosaic presenting a panoramic view of the scene scanned by 
the panning camera 21. The mosaic is transmitted to the video display device 25 
where the mosaic of the scanned scene is displayed as shown in Figure 6 so that 
15 the viewer can view the entire scene scanned by the camera. As shown in Figure 
6, the display will outline the currently received frame so that the viewer will have 
the information as to which part of the scanned scene, is currently being received 
by the video camera. 

The video processor, in addition to combining the received frames into a 
20 mosaic, detects object motion in the scanned scene and from the object motion 

detects the predicted position of any moving objects in the portions of the scanned 
scene not currently being detected. The video processor modifies the display of 
the moving objects in the portion of the scanned scene which are outside of the 
frame currently being detected by the camera to show the moving objects in their 
25 predicted positions in this portion of the scene being scanned. Then when the 
scanning camera returns to a portion of the scene containing the moving object 
shown in a predicted position, the position of the moving object will be undated in 
accordance with currently the detected frame containing a the moving object. In 
this way, the scene observed by the operator in the entire mosaic will show all the 
30 moving objects in their expected positions based on their detected motion. 

When the actual position of a moving object is detected by the scanning 
camera and the object is substantially displaced from its predicted position, the 
object is tagged as having unexpected motion and the object is highlighted such as 
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by changing its color, by changing its brightness or saturation, by placing a halo 
around the object, or by magnifying the area around the object to provide a 
telescopic effect at the location of the object. 

The camera is panned to scan the scene at a slow enough rate that so each 
5 location, is detected in several sequential frames during the scan of the camera. 
This feature enables the system of the invention, making use of dense motion 
vector fields to detect object motion, to detect any object motion during each scan 
of the scene. 

The system of figure 5 may also detect unexpected motion by storing 
10 dense motions vector fields representing expected motion in the manner described 
above in connection with the embodiment of figure 1. Because the system of 
figure 5 detects object motion immediately, this form of unexpected motion may 
be immediately highlighted without waiting for the camera to again cycle through 
the same portion of the scene. 
15 As a result of viewing the entire scanned scene, including predicted object 

motion in the scene, the operator may wish to get an immediate update of a 
specific object in the scanned scene. Rather that wait for the panning camera to 
again reach the object, the operator can cause the camera to snap to that view by 
means of servomechanism 27 for a real time display of the object of interest and 
20 can cause the camera to zoom in on the object if desired. 

Figure 7 is a flow chart illustrating the operation of the video processor to 
make a mosaic of the received picture frames to display the entire scene scanned 
by the camera and to detect moving objects and to predict and display their 
predicted positions in the scanned scene. As shown in Figure 5 the video is first 
25 processed in step 3 1 to detect the dense motion vector fields representing the 

motion of image elements between the currently detected frame and the adjacent 
frames in the video. Since the camera is being panned, the dense motion vector 
field will represent the apparent motion of the background due to the camera 
motion as well as motion of objects relative to the scene background. From the 
30 dense motion vector fields, the camera motion is detected and the motion of 

objects, separated from the camera motion, is also detected in step 32. To detect 
the camera motion from the dense motion vector fields, the predominant motion 
represented by the vectors is detected. If most of the vectors are parallel and of 
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the same magnitude, this will indicate that the camera being moved in a panning 
motion in the opposite direction to that of the parallel vectors and the rate of 
panning of the camera will be represented by the magnitude of the parallel 
vectors. To detect the object motion, vectors corresponding to the camera motion 
5 are subtracted from the dense motion vector field vectors detected in the first 
instance between the adjacent frames. The resulting difference vectors will 
represent object motion. From the vectors representing object motion, the moving 
objects in the current frame are identified and their motion is determined. In step 
33, the position of the currently detected frame in the mosaic is roughly 
10 determined from the detected camera motion. The currently detected frame may 
then be finely aligned with the mosaic by comparing the pixels at the boundary of 
the detected frame with the corresponding pixels in the same location in the 
mosaic. In step 34, the position of the moving objects in the current frame is 
compared with the predicted positions for these objects in the current frame. As 
15 will be explained below, the objects will be displayed in the mosaic in their 

predicted positions based on their previously detected motion. If the position of 
an object in the currently detected frame is not approximately the same as its 
predicted position in the mosaic, the object is tagged as having unexpected 
motion. In step 35, the mosaic is updated with the recurrent frame by replacing 
20 the pixels in the mosaic with the corresponding pixels of the current frame. At 

this time, the objects tagged in the current frame is undergoing unexpected motion 
are highlighted. In step 36, the position of all moving objects outside the currently 
detected frame are undated in accordance with there predicted positions. In this 
process, the objects which were previously flagged as being moving objects and 
25 which are outside of the currently detected frame have their current positions 

predicted based on the motion determined for the moving objects. To update the 
position of a moving object, the flagged pixels of the moving object replace the 
pixels in the mosaic at the predicted position of the moving object. The pixels of 
the moving object which are not replaced in this process (in the object's previous 
30 position) are replaced with corresponding background pixels in the scanned scene. 
The process then returns to step 3 1 to determine the dense motion vector field 
between the next detected video frame and the adjacent video frames and the 
process then repeats for the next received video frame from the panning camera. 
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As described above, objects undergoing unexpected motion are 
highlighted. In addition, any objects undergoing expected motion or undergoing 
substantial expected motion may be highlighted in a different manner to 
distinguish them from objects undergoing unexpected motion as described above 
5 in connection with the embodiment of Figure 1 . 

As described above, the panning camera may be zoomed in and out. 
While the camera is being zoomed in and out, the action of the camera is 
considered camera motion and the video frames produced during the zooming or 
while the camera is in a zoomed in or out state, can be added to the mosaic. In 
10 this process the zooming camera motion is detected by the prevailing motion 
vectors extending radially inwardly or outwardly. Once the camera motion has 
been detected, the size of the camera frames are adjusted to correspond to that of 
the mosaic frames and the currently detected frames are then located in the mosaic 
in the same manner as described above in connection with locating the camera 
1 5 frames produced by the camera panning motion. 

In accordance with another feature of the invention, the video processor, 
controls the operation of servomechanism 27 to cause the panning motion of the 
camera to follow a moving object and keep the moving object centered in the 
detected frame. To carry out this control, the video processor deteimines the 
20 predicted immediate future locations of the moving objects. The predicted 

immediate future locations of the moving object are determined from the dense 
motion vector field vectors for the moving objects as explained above. By 
continuously moving the camera to the predicted immediate future locations of the 
moving object, the camera is made to follow the moving object keeping it 
25 centered in the currently detected frame. 

In the above described systems, the location of where the videos are 
displayed may be at a position a long distance from the position of the 
surveillance cameras. In such an instance, to permit the data to be transmitted 
over the long distance by telephone line or by the internet, the transmitted data is 
30 compressed. In accordance with one embodiment, the video data is processed by 
a video processor at the location of the surveillance camera or cameras to identify 
and tag moving objects. Then after video has been transmitted to the display 
device representing the background being televised by the surveillance camera, 

10 
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subsequent transmissions will only transmit the pixels representing the objects 
undergoing motion. This compression can be used with either of the 
embodiments described above. 

Alternatively, the successive video frames transmitted to the receiver can 
5 be compressed by eliminating selected frames on the cameras side and then 
recreating these frames on the receivers side as described in co-pending 
application serial no. 09/816,1 17, filed February 26, 2001, entitled "Video 
Reduction by Selected Frame Elimination" or alternatively in application serial 
no. 60/312,063, filed August 15, 2001, entitled "Lossless Compression of Digital 
10 Video." These two co-pending applications are hereby incorporated by reference. 
The Surveillance Video Camera Systems described above solve the 
problem of operator overload when a large amount of space has to be monitored 
by video cameras and makes it possible for the operator to detect and focus on 
, important or unexpected motion when such motion occurs in the scene being 
1 5 monitored by the surveillance cameras. 

The above description is a preferred embodiments of the invention and 
modifications may be made thereto without departed from the spirit and scope of 
the invention, which is defined in the appendant claims. 
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WHAT IS CLAIMED: 

1 . A surveillance method comprising detecting a scene to be 
surveilled with a video camera, processing the resulting video to detect moving 
objects in the detected scene, distinguishing objects undergoing unexpected 

5 motion from objects undergoing expected motion and highlighting the objects 
undergoing expected motion. 

2. A surveillance method as recited in claims 1 further comprising 
storing representations of motion expected in the detected scene and comparing 
the motion of moving objects in the detected scene with the stored representations 

10 of expected motion to distinguish unexpected motion from expected motion. 

3. A method as recited in claim 1 further comprising: 
predicting the future positions of the detected moving objects; 

comparing the actual positions of the moving objects with the predicted positions; 
and 

15 identifying an object as undergoing unexpected motion when the positions of such 
object is substantially different than the predicted position for such object. 

4. A method as recited in claim 1 wherein the objects undergoing 
unexpected motion are highlighted by magnifying the object and the area around 
the object identified as undergoing unexpected motion. 



20 5. A surveillance method comprising detecting a scene to be 

surveilled with a video camera, detecting dense motion vector fields representing 
the motion of image elements from frame to frame in the video produced by said 
video camera, identifying moving objects depicted in said video by means of said 
dense motion vector fields and displaying said video with the identified moving 

25 objects highlighted in the display of said video. 
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6. A method as recited in claim 5 wherein a detected moving object is 
highlighted by magnifying the display of the moving object and the area around 
the moving object. 

7. A surveillance method comprised of panning a video camera to 
5 detect a scene, combining the frames of the resulting video into a mosaic 

representing a panoramic view of said scene, detecting the motion of moving 
objects in said scene, determining the predicted position of objects in said scene 
determined from the detected motion of said objects, and updating the position of 
said moving objects in accordance with the predicted motion of said moving 
10 objects in said mosaic. 

8. A surveillance method as recited in claim 7 further comprising 
comparing the position of detected moving objects in the current video frame 
detected by said video camera with the predicted position for said moving objects 
and flagging said moving objects as having said unexpected motion when the 

1 5 position of said objects in the current frame is substantially different than the 
predicted position for such objects. 

9. A surveillance method as recited in claim 8 further comprising 
highlighting in said mosaic the objects flagged as having unexpected said motion. 

10. A method of making a video of a moving object comprising 

20 detecting a scene containing said moving object, with a video camera to produce a 
video depicting said moving object, generating dense motion vector fields 
representing the motion of image elements from frame to frame in said video, 
determining the motion of said moving object from said dense motion vector field, 
predicting the immediate future position of said moving object from the detected 

25 motion of said moving object, and controlling the motion of said video camera in 
accordance with the predicted immediate future position of said moving object to 
maintain the moving object centered in the frame currently being detected by said 
video camera. 
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11. A surveillance system comprising a video camera arranged to 
detect a scene to be survielled, a video processor operable to detect moving 
objects in the video produced by said video camera and to distinguish objects 
undergoing unexpected motion from objects undergoing expected motion and to 

5 highlight the objects undergoing unexpected motion, and a display device 

connected to receive the processed video from the video processor to display the 
processed video with the objects undergoing unexpected motion highlighted. 

12. A surveillance system as recited in claim 1 1 wherein said video 
processor is provided with a storage capacity which stores representations of 

10 expected motion in a detected scene, said video processor comparing the motion 
of moving objects in a detected scene with the stored representations of expected 
motion to distinguish unexpected motion from expected motion. 

13. A surveillance system as recited in claim 1 1 wherein said video 
processor is operable to predict the future positions of the detected moving objects 

15 from the motion of the detected moving objects, to compare the actual positions of 
the moving objects with the predicted positions, and to identify an object as 
undergoing unexpected motion when the actual position of such object is 
substantially different than the predicted position for such object. 

14. A surveillance system as recited in claim 1 1 wherein said video 
20 processor highlights an object undergoing unexpected motion by magnifying such 

object and the area around such object identified as undergoing unexpected 
motion. 

15. A surveillance system comprising a video camera arranged to 
detect a scene to be surveilled to produce a video of said scene, a video processor 

25 connected to receive said video and operable to detect dense motion vector fields 
representing the motion of image elements from frame to frame in said video and 
to identify moving objects depicted on said video by means of said dense motion 
vector fields, and to highlight in said video a detected moving object by 
magnifying the display of the moving object and the area around moving object, 
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and a video display device connected to receive the processed video from said 
video processor and to display the processed video with the moving object and the 
area around the moving object being magnified. 

16. A surveillance comprising a panning video camera arranged to 
5 detect a surveilled scene, a video processor connected to receive the video 

produced by said video camera and operable to combine the frames of said video 
into a mosaic representing a panoramic view of said scene, to detect the motion of 
moving objects in said scene, to determine the predicted position of objects in said 
scene determined from the detected motion of said objects and to update the 
10 position of said moving objects in said video in accordance with the predicted 
motion of said objects in said mosaic, and a video display device connected to 
receive the video processed by said video processor and to display said mosaic as 
a panoramic view of the surveilled scene with the moving objects depicted in their 
predicted positions. 

17. A surveillance system as recited in claim 16, wherein said video 
processor is further operable to compare the positions of detected moving objects 
in the frame currently detected by said video camera with the predicted positions 
of said moving objects, to flag a moving object as having said unexpected motion 
when the position of such moving object in the current frame is substantially 
different than the predicted position for such object, and to highlight in said 
mosaic the object flagged as having unexpected motion whereby the display 
device displays said mosaic with the object undergoing unexpected motion 
highlighted. 

18. A video system comprising a panning video camera a video 
processor connected to receive the video produced by said panning video camera 
and operable to generate dense motion vector fields representing the motion of 
image elements from frame to frame in the video produced by said video camera, 
to determine the motion of any depicted moving object in said video from said 
dense motion vector fields, and to predict the immediate future position of said 
moving object from the detected motion of said moving object, a controller for 
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controlling the motion of said video camera, said video processor controlling said 
controller to control the motion of said video camera in accordance with the 
predicted immediate future position of said moving object to maintain the moving 
object centered in the frame currently being detected by said video camera. 



16 



WO 02/37856 



PCT/US01/42912 



VIDEO CAMERAS 



v 


1 ^ l_ 1 


I 1 ^ 

V 




VIDEO DATA 
PROCESSING SYSTEM 




y 


r 




15 


VIDEO DISPLAY 
SYSTEM 





Fig. 1 



1/7 



WO 02/37856 



PCT/US01/42912 




DETERMINE DENSE 
MOTION VECTOR 
FIELDS 



DETECT UNEXPECTED 
OBJECT MOTION 



HIGHLIGHT MOVING OBJECTS 
IN DISPLAY 



Fig. 2 



2/7 



WO 02/37856 



PCT/US01/42912 




FIG. 3 



3/7 



WO 02/37856 



PCT/US01/42912 




FIG. 4 



4/7 



WO 02/37856 



PCT/US01/42912 



PANNING 

VIDEO 
CAMERA 



SERVO- 
MECHANISM 



\ 






27 


1 i 


i 



PANNING 

VIDEO 
CAMERA 



23 



PANNING 

VIDEO 
CAMERA 



Fig. 5 



5/7 



WO 02/37856 



PCT7US01/42912 




6/7 



WO 02/37856 



PCT/US01/42912 




DETERMINE DENSE MOTION 

VECTOR FIELDS " 




r 


DETERMINE CAMERA MOTION ^_ 
AND OBJECT MOTION 




r 


LOCATE CURRENT FRAME 
IN MOSAIC 




i 


COMPARE MOVING OBJECT POSITIONS 
IN CURRENT FRAME WITH PREDICTED - 
POSITIONS IN MOSAIC 




r 



31 



32 



33 



34 



UPDATE MOSAIC WITH CURRENT 
FRAME WITH OBJECTS UNDERGOING 
UNEXPECTED MOTION HIGHLIGHTED 



35 



UPDATE THE POSITIONS OF MOVING 
OBJECTS OUTSIDE THE CURRENT FRAME 
TO THEIR PREDICTED POSITIONS 



36 



Fig. 7 



7/7 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US01/4£©12 



A. CLASSIFICATION OF SUBJECT MATTER 
IPC(7) . :H0*N 7/18 

US CL : 348/152 

According to International Patent Classification (IPC) or to both national classification and IPC 

B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 
U.S. : Please See Extra Sheet. 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields 
searched 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


X 


US 6,081 ,606A (HANSEN et al) 27 JUNE 2000, COL. 3 Lines 1-20 


1-2,5 


Y 




3,4,6,12-14 


Y 


US 6.028.626A (AVIV) 22 FEBRUARY 2000, COL 5 LINES 55- 
68 


3,4,6,12-14 


A 


US 6.091.771A (SEELEY et al) 18 JULY 2000, All 


7,8,9,11-18 


A 


US 6,1 11, 913 A (MURDOCK et al) 29 AUGUST 2000, All 


10 



] Further documents are listed in the continuation of Box C. | | See patent family annex. 



Special categories of cited documents; "T* 

document defining the general cute of the art which is not 
considered to be of particular relevance 

"X" 

E" earlier document published an or after the international filing date 

L" document which may throw doubts on priority claim(e) or which is 

cited to establish the publication dote of another citation or other n 
special reason (as specified) 

O" document referring to an oral disclosure, u*e, exhibition or other 

means 

P" document published prior to the international filing date but later »&« 



later document published after the international filing date or priority 
date and not In conflict with the application but cited to understand 
the principle or theory underlying the invention 

document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve on inventive step 
when the document Is taken alone 

document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the art 

document member of the name patent family 



Date of the actual completion of the international search 
0* MARCH 2002 


Date of mailing of the international search report 

16 APR 2002, J 


Name and mailing address of the ISA /US 
Commissioner of Patents and Trademarks 
Box PCT 

Washington, D.C. 20231 
Facsimile No. (703) S05-S2SO 


Authorized officer / J yy j / 

CHARLES PARSONS ^(fifjl/Y] I fl /}/ \ g 
Telephone No. (703) S07>-3862 ' V K f\jW 



Form PCT/ISA/210 (second sheet) (July 1998)* 



( 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/USO 1/4-29 12 



B. FIELDS SEARCHED 
Minimum documentation searched 
Classification System: U.S. 

3+8/152, 1 54, 1 55, 14-3,2 13 
375/240 
382/107 



Form PCT/ISA/210 (extra sheet) (July 1998)* 



